The effect of hygienic handling and sodium benzoate treatment on the microbial, quality and shelf stability of garri was evaluated for 14 month using standard methods. Results indicated that there were less bacteria and fungi in the hygienically handled garri at the end of the storage period than for conventionally handled samples. No growth was detected in the hygienically handled and sodium benzoate (SB) treated samples. Six bacteria and nine fungi genera were isolated from the conventionally processed and hygienically handled garri, respectively. Only Bacillus was isolated from the SB treated samples. The degree of deterioration recorded in the protein, lipid, ash and available carbohydrate for the conventionally handled samples were significantly more than the hygienically handled and SB treated samples. Overall sensory evaluation shows that combination of hygienic handling and SB treatment has maximum positive impact on the microbial quality, shelf stability and acceptability of garri during storage.
INTRODUCTION
Garri, a roasted granular product from peeled, grated and fermented cassava roots (Manihot esculenta. Crantz ), is consumed by several millions of people in West Africa (Ofuya and Akpoti, 1988) . In Nigeria, its acceptability cuts across the various ethnic and socio-economic classes, making it the commonest food item. Current method of production is laborious and cumbersome and varies from one locality to another resulting in a non-uniform product with respect to quality, shelf life and safety. Furthermore, practices associated with the production, processing and handling such as drying on the floor mat after frying and the display in open bowls, bags and mat at points of sales increases microbial contamination. *Corresponding Author. Present Address: Department of Microbiology, Public Health Food and Industrial Unit, Edo State University P.M.B. 14, Ekpoma, Nigeria. E-Mail: biodec@yahoo.com.
Microbial deterioration of garri is of major economic concern. The main agents that contaminate and spoil garri are moulds, insects, and mites (Igbeka, 1987) . Moulds such as Aspergillus, Penicillium, Fusarium, Rhizopus, Cladosporium and Mucor have been associated with garri during storage and distribution (Adeniyi, 1976; Oyeniran, 1978; Ekundayo, 1984) . Growth of moulds in garri results in changes in the organoleptic, microbiological and nutritive quality which lead to spoilage. Deliberate efforts to control and prevent spoilage and quality changes especially during storage have received very little attention.
The application of chemical preservative such as sodium benzoate to control microorganisms in foods has been reported (Jay, 1978; Ogiehor, 2003) . In addition the use of adequate sanitary and hygiene practices in combination with asceptic packaging in extending keeping quality of foods have also been investigated (Efiuvwevwere and Isaiah, 1998; Bogh-sorensen,1993) . However, very scanty information is available on the handling practices and the use of combination of preservative techniques on the microbiology, total quality and shelf stability of garri during storage. This work was design to evaluate the effects of adequate sanitary practices, aseptic packaging (hygienic handling) and sodium benzoate treatment on the microbial quality, shelf stability and total quality of garri under tropical environmental condition.
MATERIALS AND METHODS

Garri processing
The cassava root tubers used for this study were obtained from open markets in Benin City and processed at Supply and Transport (S&T) Military Barracks Garri Processing Center, Benin City. Cassava tubers were processed into garri according to the scheme described by Adeyemi and Balogh (1985) . The cassava tubers were peeled, washed and grated in a commercial grating machine. The grated cassava pulp was packed in hessian bags and allowed to ferment while dewatering gradually under pressure for 48 h. Thereafter, the fermented pulp was sieved through raphia palm net sieve, fried at about 75°C, allowed to cool to ambient (30°C) temperature and re-sieved into finer grains. Two batches were produced under the conventional condition and under strict hygienic and aseptic condition.
Hygienic handling
Clean room technology approach: Prior to processing and handling, a production room was selected. This was thoroughly washed (walls, floor, ceiling, window louvers) with detergent with the aid of pneumatic equipment and thereafter disinfected with Izal (Smithkline Beecham Nig. Plc) and left overnight. Before the fried garri sample was subjected to further handling, the production room was again thoroughly sprayed and cleaned with a solution (10%, v/v) of sodium hypochlorite (BDH, England). Similarly, the bowls, mat for spreading, raphia palm net sieving, hand gloves, mouth and nose gloves were carefully cleaned.
Aseptic packaging:
The processed garri in the production room was aseptically weighed (2 kg/pack) in hessian bags (Bacco Nig. Plc) previously sterilized with the aid of industrial ultraviolet (UV) sterilizer (Model uv-2500, Rio, Italy). Thereafter the various packs were hermetically sealed with a mechanical sealing machine operated manually (Super Master, Japan). The packaged samples were kept in the laboratory at room temperature.
Treatment with sodium benzoate
A batch of the garri processed hygienically was subdivided into various sub groups and treated with 0.2% (w/w) sodium benzoated (BDH-England) and thereafter aseptically packaged as described above.
Microbial analysis
10 g from each sample were added to 90 ml of 0.1% (W/V) sterilized peptone water in a beaker and allowed to stand for 5 min with occasional stirring. Portions (0.1 ml of different serial decimal dilutions were spread-plated on nutrient agar (Oxiod) for total viable count and potato dextrose agar (Oxiod) for total fungi count. The
Ogiehor and Ikenebomeh 745 media used were prepared and incubated according to the labeled manufacturer instructions. The colonies were enumerated and expressed as colony forming unit per gram (cfu/g) (Vanderzannt and Splittstoesser, 1992) . Isolation, characterization and identification of the microorganisms were carried out for qualitative determination using colonial, morphological and biochemical characteristics (Harrigan and Mc Cance, 1976) . The fungal isolates were identified based on examination of the conidial heads, phialides, conidiophores and presence of foot cells or rhizoids (Samson and Reenen-Hoekstra, 1988, Bounds et al., 1993) .
Biochemical analysis
The pH was determined using the method described by Efiuvwevwere and Isiah (1998) by blending 10 g each sample in 10 ml sterilized distilled water and using a referenced glass electrode pH. Titratable Acidity was determined by titrating 0.1 N sodium hydroxide against 10 ml of sample (supernatant of garri soaked in water) using phenolphthalein as indicator (AOAC, 1990) . Moisture content, crude protein, lipid, available carbohydrate, and ash content were determined according to the methods described by AOAC (1990) .
Sensory evaluation
The sensory quality (general acceptability) was assessed based on parameters such as taste, colour/appearance, flavour, mouth feel, swelling index and draw ability. Using a nine point hedonic scale a ten member panel who consumes garri on a regular basis was used to score the various quality attributes for overall acceptability.
Data analysis
The various data obtained were subjected to statistical analysis of mean, standard deviation and ANOVA and the significant differences of mean determined at (p 0.05)
RESULTS
The effects of hygienic handling and sodium benzoate (SB) treatment on the total viable count (TVC) and types of microorganisms associated with garri during storage at 30.0±2°C are shown in Tables 1 and 2 . In general, microbial counts increased up to the 6 or 8 th month and thereafter start to fall for the conventionally treated and hygienic garri. However, no growth was detected in the SB treated samples till the 6 th month (Table 1) , but this was not sustained. Fewer bacteria and fungi genera (3 each) were isolated from hygienically handled samples as opposed to 6 bacteria and 9 fungi genera isolated from the conventional samples. Only one genus (Bacillus) was isolated from SB treated samples (Table 2) .
The degree of deterioration recorded for protein, lipid, ash and available carbohydrates detected in the conventionally handled samples was significantly different (p<0.05) from the values recorded for the hygienically handled and SB treated samples (Table 3) . The change in moisture content, pH and titratable acidity for the different garri samples are also recorded in Table 3 . Overall acceptability scores of the various attributes evaluated show that hygienically handled and SB treated garri samples are presented in Table 4 .
DISCUSSION
The initial increase in the total viable count (bacterial count) and fungi count till the 6 th and 8 th month of storage recorded in the conventional and hygienically handled garri samples may be attributed to nutrient availability and favorable microenvironment. While, the subsequent decrease till the end of the storage period reflects gradual nutrient depletion and the resultant negative effects of microbial metabolics or by-products. However, the lack of growth observed in the SB treated samples indicates the benefits of combination of treatment (adequate hygienic practices, aseptic packaging and the antimicrobial effect of SB). The insignificant bacteria count detected at the 8 th and 10
th months of storage suggests shows recovery and Each value is the overall mean ± standard deviation for duplicate experiments. TA = Titratable acidity, MC = moisture content, CHO = carbohydrate, I = increase, ND = not detected, D = decrease. Each value is the overall mean ± standard deviation. Mean value ± standard deviation within a column with the same superscript are not significant at p = 0.05 * = Most preferred sample. HH+SB = Hygienically handled + SB treated.
survival of injured cells while the subsequent disappearance reveals the inability of the vegetative cells to thrive in the new environment due to SB addition. Similar findings have been reported for foods preserved by combination of preservative factors (Gould, 1988; Leistner, 1994; Beuchat, 1997; Efiuvwevwere and Isiah, 1998) . The significantly fewer groups of microorganisms genera isolated from the hygienically handled garri samples as opposed to the 12 genera isolated from the conventional handled samples clearly demonstrates the importance of strict adherence to standard hygienic practices in production process (Bogh-Sorensen, 1993; Efiuvwevwere and Isaiah, 1998) . Furthermore, the drastic reduction to one genus in the hygienic handled and SB treated samples further strengthens the benefit of combined treatment on the microbial stability of food during storage.
The high degree of stability recorded in the biochemical quality such as protein, lipids, ash and available carbohydrates in the SB treated garri samples may be associated with the seemingly lack of microbial activities (Table 1) recorded and the benefits of the use of combined treatment in securing the total quality of foods (Leistner, 1996; Ogiehor et al., 1998; Ogiehor et al., 1999) . The slight increase in pH observed in the hygienically handled and SB treated samples may be related to the presence of sodium benzoate which is slightly basic while slight decrease recorded in the conventional and hygienically handled samples may due to the microbial activities and its multiplier effects. Overall acceptability scores indicates that SB treated garri were highly acceptable even though freshly prepared garri was most preferred.
In conclusion, this work has demonstrated that combination of hygienic handling, aseptic packaging and SB treatment significantly improved the microbial quality, shelf stability of garri under tropical condition.
